Block type quay walls are widely used as port structures in the world. In this study three types of vertical block type quay walls with different block size exposed to seismic loading were investigated experimentally. The block ratios of Type I, Type II and III vertical wall models are B/h=2, 1.5 and 1.5 & H/h=6, 6 and 3, respectively. The tests were conducted in the shaking tank with different harmonic seismic loadings and the behaviors of these walls were investigated comparatively.
INTRODUCTION
Coastal and port structures are not only subjected to waves but can also be exposed to seismic forces. When the damages of the port structures delay or stop the port activities, it may not only affect the trades of the country which located in the seismic region but also can cause problems all over the world. However, performance based design of port structures is still not well-known enough and it needs to be more investigations.
Researchers have focused on seismic performance of waterfront structures for a decade and reliable studies have been carried out both experimentally and numerically. It is very important to learn the lessons from past case studies to better understand the vulnerability of waterfront structures exposed to earthquake.
Experimental and analytical studies were carried out to investigate the dynamic behavior of gravity type quay walls by Miura et al. (2000) , Fujiwara et al. (2000) , Mohajeri et al. (2002) , Mendez et al. (2009) , Nakahara et al. (2004) . Some of them were performed experimentally and/or numerically by Inoue et al. (2003) , Kim et al. (2004) , Kim et al. (2005) , Towhata et al. (2009) . The others were studied numerically by Alyami et al. (2009) , Arablouei et al. (2011), Tiznado and Rodriguez Roa (2011) . Most of these studies were conducted for caisson type quay walls. However, there is still lack of knowledge about seismic performance of block type quay walls. This paper describes the earthquake resistant performance design of block type quay walls. Our major objective is to provide a determination method of the cross sections for verification of earthquake resistant performance using experimental results.
EXPERIMENTAL STUDY
The experimental study was conducted in a shaking tank at Hydraulic and Coastal Engineering Laboratory, Yıldız Technical University. The shaking tank has 4.5 m length, 1 m width and 1 m height (Fig. 1) . The shaking tank was steered by PLC control. The properties of the control system have HSC (High speed counter) enter, pulse outlet, 1-10V analog outlet, I/0 8 enter, 8 outlet and 9ıı touch sensitive 16x106 colored operator panel. The amplitude range of the tank is 1-5 mm and the frequency range is 1-9 Hz. Accelerometer, earth pressure transducer, pore water pressure transducer and displacement transducer were used in the experimental study and they were connected to the two data loggers (IMC brand) used to record the measured data to a personal computer to obtain the performance of block type quay wall models with varying block dimensions. The transducers were mounted on each model block and after that, the backfill was poured behind the model wall by using pluviation device. The total mass of the backfill was 810 kg.
Three different block type quay walls were considered for this paper which had different dimensions from each other (Fig. 2) . First and second type walls (Type I & II) had 10 cm heights for the blocks, while the third type wall (Type III) studied by Yuksel et al. (2011) had a block height of 20 cm. However, the width of the blocks is 20 cm for the first type (Type I), 15 cm for the second type (Type II), and 30 cm for the third type (Type III).
Figure 2. The dimensions in cm for the vertical walls (a) the first type vertical wall (Type I), (b) the second type vertical wall (Type II), (c) the third type vertical wall (Type III).
The water depth was constant which was considered as 60 cm in the shaking tank during the experiments. The relative density of the backfill was obtained as the same at each test by controlling the cap space and height of the bunker and the speed rate of the horizontal mobility of the bunker. The relative density of the backfill material was obtained as 70%. In order to eliminate the liquefaction effect, the backfill and foundation soils were selected as gravel (d 50 =0.8cm) which is non liquefiable material (see Table 1 for detailed information of backfill properties). The uniformity coefficient, (C u ) 1.8
The gradation coefficient, (C c ) 1.08
In this study, one-dimensional shaking responses were measured in the gravity type quay walls because quay walls are very long structures and seismic behavior is mainly two-dimensional. The quay walls were simulated by models with prototype ratio of 1/10. Tests were performed on firm bottom condition and non-liquefiable backfill material to understand the behavior of the structure excluding the liquefaction effect. This work aimed at providing useful information for the design of block type quay walls constructed on firm seabed (non-liquefiable).The simulation of various parameters was in the 1 g gravitational field (see Iai, 1989 ) for soil-structure-fluid system adopted in this study is shown in Table 2 . The experiments were carried out under different sinusoidal harmonic waves and test conditions for each model walls are summarized in Table 3 . 
RESULTS & DISCUSSION
To identify the performance of the gravity type quay structures, the parameters effective on this system have to be determined. The dimensional parameters are:
where; D is the displacement, B is the block width, H is the wall height,  c is the concrete density,  s is soil density,  w is water density, d 50 is mean grain-size, a is acceleration, g is the gravitational acceleration, h is block height. The dimensionless parameters have been determined by using dimensional analysis. In dimensional analysis, the performance of the gravity quay wall can be expressed as follows: c w 50 In this study, three vertical block type quay walls with different block width and block height were modeled to investigate the dimension effect on the seismic stability. For this purpose, the experimental study was performed by using a shaking tank and different measurement devices (such as accelerometer, earth pressure, pore pressure and displacements transducers) were placed in the middle of each block except one of the accelerometer which was mounted on the shaking tank to determine each executed input motions. Profile measurement device was also used before and after shaking to obtain the amount of settlement of backfill material. However, in this paper just only acceleration and displacement results are presented.
The base accelerations in this study were performed as harmonic motions and an example view of a harmonic base acceleration is given in Fig. 3 . The duration of the tests was almost 21 s for all type of model walls. The amplifications of each block were evaluated in accordance with acceleration data obtained for each block and the results shows that amplifications increased with increasing base accelerations from bottom to top. On the other hand, amplifications for Type I model wall are larger than the Type II model wall (see Fig. 4 ). The variation of the normalized horizontal displacements versus base accelerations in g (acceleration of gravity) was also analyzed respect to relative dimensions of the blocks for three type models. D x is identified as the horizontal displacement of each block, z is the vertical distance from crest to the middle of the blocks, B is the width of block, h is the height of the block and H is the total height of the gravity wall. The first examination is presented in Figs. 5 and 6 for the normalized horizontal displacements with respect to the ratio of D x /z. According to these results, the horizontal displacements are increased with increasing base acceleration from bottom to top similar to the amplifications, however, the comparative evaluations show that the normalized horizontal displacements for "Type I" are lower than "Type II" for given test conditions and this determination is in contrast to the relation of amplification results. Hence, the stability of this kind of quay walls may not just only controlled by amplifications and also effected by their friction surface. The block dimension effect on the stability of gravity walls is investigated with three different vertical block type quay wall models. These model walls have different block dimensions with same total wall heights. When the cross section of the model walls is considered (in Fig. 2 ), the ratios of B/h= 2, 1.5 and 1.5 & H/h=6, 6 and 3 are obtained for Type I, II and III, respectively. The normalized horizontal displacements (D x /z) are also given for top blocks of these three different model walls versus different base accelerations in Fig. 7 . The results enable to make comparisons for both ratios, separately. In light of this point of view, when the ratios of B/h= 1.5 and 2.0 (with same H/h=6) compared, it can be seen that Type I wall model represented with diamond shaped points has smaller horizontal displacements than Type II wall model represented with triangular shaped points according to same base acceleration value. On the other hand, the comparison made for the ratios of H/h= 6.0 and 3.0 (with same B/h= 1.5) shows that Type III wall model's values represented with rectangular shaped points corresponds to larger base acceleration value than Type II model wall's values for a same amount of normalized horizontal displacement. Under these experimental conditions, it can be said that the ratio of the B/h is not the only effective parameter; also the ratio of the H/h is the important factor on the stability of the block type quay walls. 
CONCLUSION
Block dimension for the block type quay walls is very important for the responses against the earthquake loadings. Most of the investigations and codes advise that the width should be two times of the gravity type quay height. However, this is not right enough because experimental and numerical investigations showed that geometry and the width/height ratio should be determined carefully. The optimum response dimensions show more resistance against the seismic loads because the increase of the block width caused the increase of the sliding resistance force as well as the increase of inertia force. In order to reduce sliding damage of block type quay walls, the block height should also increase relative to the total height of the wall.
